Objective: To assess the long-term outcomes of multistage surgical approach in 18 surviving patients in areas of mortality, requirement for postoperative interventional cardiac catheterization, saturations on air, right ventricular (RV) pressures in relation to the systemic pressures, RV and left ventricular (LV) functions and the adequacy of pulmonary arborisation.
Outcomes of patients who underwent staged repair for pulmonary atresia with ventricular septal defects and major aorto-pulmonary collateral arteries at Southampton University Hospital, United Kingdom Introduction Pulmonary atresia with ventricular septal defect (VSD) and major aorto-pulmonary collateral arteries (MAPCAs) is an uncommon form of complex congenital heart disease with marked heterogeneity of pulmonary blood supply 1, 2, 3 . According to the natural history of this lesion, an estimated 65% of patients survive to 1 year of age and 50% to 2 years, regardless of surgical intervention 1, 2, 3, 4 . Traditional management has involved staged unifocalization of pulmonary blood supply 1, 2, 3 . Until recently, the outcome for patients born with pulmonary atresia, VSD, and MAPCAs was extremely poor, with surgically treated patients having a probability of only 20% of being alive at age 30 years 1, 2, 3, 4, 5 . Moreover, there is little evidence that surgical management of these patients resulted in any improvement in their long term outcomes 5, 6 .
Currently at Southampton General Hospital NHS Trust, children with this lesion are treated using a multi-staged repair approach. The operation involves preparatory procedures, consisting of aorto-pulmonary shunting and unifocalization of the MAPCAs with native pulmonary artery (PA) branches. When reasonable pulmonary vascularization has been obtained, the patients are treated with complete repair (CR) with transventricular closure of the VSD and right ventricular outflow tract reconstruction. The oldest living person was 26 years while the youngest was 2 years in this series.
Objective
The objective of this study was to assess the longterm outcomes of this multistage approach in 18 surviving patients with this condition. The main outcomes of interest were post surgical long term mortality, requirement for postoperative interventional cardiac catheterization, saturations on air, right ventricular (RV) pressures in relation to the systemic pressures, RV and left ventricular (LV) functions and the adequacy of pulmonary arborisation.
Method
Eighteen patients who survived out of twenty six who were offered complete surgical repair constituted the study group. Complete repair was defined as refashioning the pulmonary vasculature by means of a Blalock Taussig (BT) shunt, unifocalisation of MAPCA's, construction of the right ventricular outflow tract with a RV to PA conduit and VSD closure. All patients were under the follow up of paediatric or Grown-up Congenital Heart (GUCH) cardiologists at our institution at the time of the study.
The data of all surviving patients who underwent complete repair at Southampton University Hospital were reviewed. The data was obtained using case notes and computer based patient records. Radiological data such as the x-rays and cardiac magnetic resonance imaging (MRIs) were obtained using the GE PACS system. No data were gathered by direct patient contacts. Cardiac functions were assessed using the cardiac MRI. LV and RV ejection fractions (EF) measured by cardiac MRI (measurements were done by the cardiac radiologist) were used to assess the LV and RV function separately. Pulmonary arborisation patterns were assessed by an experienced paediatric cardiologist using the latest cardiac catheter data. Each lung was divided into three areas (upper, middle and lower zones). Antero-posterior and lateral catheter images were assessed and the results were recorded as satisfactory filling or under filling of each zone of the lung.
Results
The mortality according to the age groups is shown in table 1. Twenty six patients had undergone complete repair. Eighteen were alive at the time of this study with a mortality of 30.8%. The resting saturations of the survivors are shown in Table 2 . 
Discussion
This study reports the experience with staged repair for the treatment of children with pulmonary atresia with VSD and MAPCAs. We evaluated long term mortality, saturations, need for postoperative interventional cardiac catheterization, RV pressures in relation to systemic pressures, RV and LV functions and pulmonary arborisation patterns.
Out of the total of 26 patients only 18 survived following a complete repair which means a mortality of 30.7%. This is a significant mortality rate at a unit in a developed country with state of art facilities. This indicates the complexity of this condition and the high degree of surgical risk even in one of the best centres in the world. Therefore it will be a challenging task for developing countries like Sri Lanka with much less resources to undertake complex surgeries of this nature in the current era where the surgical waiting lists are quite long. This study has also shown that only 2 (11%) of the live patients had undergone single stage complete repair whereas 16 (89%) had needed multi staged repair. Eleven (61%) had needed 3 or more surgeries when attaining complete repair. It is risky for a child to undergo complex multiple surgeries of this nature. The psychological stress which the child and the parents may undergo is enormous. Due to the complexity of this lesion the post surgical ICU and hospital stay is much longer than a simple cardiac lesion. Therefore these children will occupy ICU beds for longer duration and will certainly deprive children with completely correctable cardiac lesions awaiting surgery in a setting like ours with very limited resources.
Even after attaining complete repair 14 (78%) had undergone two or more and 9 (50%) three or more catheter based interventional procedures. This virtually means that the pain and suffering of the child is far from over despite attaining a complete repair after several complex surgical procedures.
The main objective of any cardiac surgery is to make the heart function optimally in order to live an active life. Ejection fraction (EF) of the ventricles measures the percentage of blood ejected from the ventricles in each systolic contraction and thus indicates the pumping ability of the heart. This study has shown that 5 (28%) had a LV EF <45% and 4 (22%) had RV EF <45%. Cardiac functions can deteriorate each time when one undergoes bypass for cardiac surgery. Since attaining a complete repair of this condition needs multiple surgeries, it is not surprising to have such a high percentage of children with a low ventricular EF. Low EF invariably gives rise to poor effort tolerance and thus most of these children find it difficult to keep pace with their peers and this can cause additional stress.
One of the prime goals of surgical repair of this condition is to establish a near normal pulmonary circulation. In order to achieve this, the pulmonary vascular tree should be refashioned in such a way that its arborisation is uniform to all segments of the lung and the pulmonary artery (PA) pressures are kept at low levels. RV pressure is a good indicator of PA pressure. This study has shown that 7 (39%) patients are having RV pressures >50% of LV pressures. Thus, 39% of cases have pulmonary hypertension despite a complete repair. Pulmonary hypertension will cause further narrowing of the lumen of the pulmonary vasculature and ultimate pulmonary fibrosis thus further aggravating the PA pressures and compromising the pulmonary perfusion. To support this fact this study has revealed significant underperfusion of all three zones of both lungs in almost 50% of the cases. Compromised pulmonary perfusion ultimately gives rise to hypoxia and thus effort intolerance which will lead to a poor quality of life.
Conclusions and recommendations
Children with pulmonary atresia with VSD and MAPCAs can be treated using a staged repair and long-term survival into adulthood can be achieved with a multistage approach. In our experience, staged repair is associated with a relatively high mortality and average functional results querying feasibility of performing such complex surgeries in a limited resources setting. We anticipate future improvement in quality of life with reduced need for postoperative surgical and interventional catheterization in patients treated with this approach.
